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HSTIGA!I’ION OF A

TRANSO~C _ ROTOR DESI- FOR 37.5 ~=

PER S~OND PER SQUARE FOOT OF ~ONTAL AREA

AERODYNWC DESI~ AND O~L PERFORMANCE

By Mel- Savage and A. Richard Feti

The present investigation includes the design and tests of a
transonic inlet rotor in which emphasis was placed on ticreasing the. design specific weight flow (W) while maint~ng reasonably high
pressure ratio and efficiency. The design air W was 37.5 lb/sec/sq ft
f rental axea.* ‘I!he rotor has a 12-inch tip di~ter ~ an Wet hub-tip
ratio of 0.35 ti was designed for no i-t guide -es. me mass-
wei~ted design pressure ratio is 1.293j the design tip speed is
972 ft/secj and the desi~ inlet axial wch nmber is 0.628. This paper
presents the overa~ performance as obtained from detailed smeys taken
downstrem of the rotor which was tested in neon.

At design speed a peak efficiency of 0.92 was obtained at an SWF of
35.5 lb/sec/sq ft ti a mss-weighted pressure ratio of 1.28. At desi~
SWF (37.5 lb/sec/sq  ft) the efficiency was about 0.87 and the pressure
ratio was 1.23 cmared tith  1.263$ winch is appro-te~ the =eon
pressure ratio correspondtig  to tie ti design value of 1.2g3. Peak
efficiency gradua~ decreased frm 0.92 at design speed to 0.85 at
Ml percent design where SWF was 38.0 lb/sec/sq ft and the mass-weighted
pressure ratio was 1.425. The m~ SWF obtained at 1.21 percent of
design speed was 40.0 lb/sec/sq ft which corresponds to m Wt -al
Mach number of slightly over 0.70 and abmt % percent of the Weoretical
maximm flow capaci~ at a hub-tip ratio of 0.35.
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INTRODUCTION

For high-s~ed f~ght, it is desirable to keep the turbo~et-engine
frontal area to a -M. Since engine thrust is proportional to the
wei@t flow passing through the e~ine, high-thrust e@nes will reqtire
that the. ~tium flow possible be cr~d thro@ an engine of given
Msmeter. The f--hand~ng capacia of the compressor has been one of
the ~ti~ factors in the , deve~opment of high-thrust engines. Then
too, since it i’s &sirabb. to fiin~n a high engine thrust-wei@t  ratio,
multistage axial-f lw compressors shoti be designed for the highest
practical values of stage pressure ratio and weight flow per square foot
of frontal Mea (specific weight flow, ~) because these pusmeters
dtrectw affect compressor size and weight. Specific weight flow can be
increased by either decreasing the hub-tip ratio or increasing the inlet
uial veloci~, or both. It hasalready  been shown that efficient
performance is possible for high-pressure-ratio stages in which the blade
sections -are operat~ at transcmic relative itit Mach nmbers. (See
refs. 1, 2} and 3.) It has aho been shown that efficient transonic
rotors at hub-tip ratios as low as 0.4 with a specific weight flow of
34.9 W/sec/sq ft frontal area can be designed (ref. 3).

The present investigation includes the design and tests of a tran-
sonic inlet rotor in which emphasis was placed on incre=ing the level
of design specific wei@t flow while maintaining a reascmably high
pressure ratio and effidency. The design air ~ without correction
for boundary-layer blockage in the inlet was 37.5 lb/sec/sq  ft frontal
&ea. AU design par-ters were selected with the intention that the
rotor should be capable of passing higher than design specific flows
with reasonable efficiency. The rotor has a 12-inch tip diameter and
= ifiet hub-tip ratio of 0.35 and was designed for no W* -de vanes.
The mass-weighted design pressure ratio is 1.293j the design tip speed
is 972 ft/secj and the design inlet =ial ~ch nmber is 0.628. All
blade-section selections were made by utilizing the low-speed case-e
data of references 4 and ~. The blade =an-line type was varied from
hub to tip.

The speed of sound in ~eon-12 is about 4’5 percent of that in air.
Therefore, the duplication of the air Wch nwbers in the Freon tests
reqtires bss than half the rotational speed needed in air tests. The
b~e stress levels are thus reduced sufficient~ to permit quick fabri-
cation of blades from fiber ghss and a polyestir resin. A description
of the rotor and blsde fabrication is presented in the appendix. The
rotor was tested in Freon-12 in a supersonic compressor test stand at
the Iangley Aeronautical kboratory.
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frontal area, sq ft

camber, expressed as
isolated airfoil

blade chord, ft

design lift coefficient of

specific heat at constant
average of upstrem and
each radial station

pressure obtained by using .
downstream temperatures at

AVTdiffusion factor, D = 1 - %+—
v~ 2m~

Mach number

rotor speed, rpm

static pressme, lb/sq ft

total pressure, lb/sq ft

dynamic”pressure,  l.b/sqft

rtiius, ft

leading-edge radius, percent tiord

trailing-edge radius, percent chord

specific weight flow, Wti lb/sec/sq ft frontal area
=

blade

total

total

blade

maximum thickness, ft

temperature, ‘R

tqrature rise, ‘R

speed, ft/sec

.veloci*, ft/sec

weight flow, lb/see
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and blade chord, deg

md axial direction, deg

to ~CA standard sea-level

ratio of itiet total temperature to WCA standard
sea-lewl temperature

flow turning angle, deg

mass density, elugs/ft3

solidity

blade-setting angk, angle between blade chord and
rotor axis, deg

air

axial

design

Weon

hub

relative to rotor blade

t i p

tangential

venturi

upstre- of rotor

downstream of rotor

.

.



ROTOR DESIGN

General

The rotor design generally consists of two phases, that is, the
calculation of velocity diagrm from prescribed design flow and
pressure-ratio conditions ti the selection of blading to fit the
velocity-di~am  conditions. Actua~, the blading perfor~ce must
be considered in the sehction of velocity diagrams to ensure good
performance. It is consideration of blade performance  which dictates
the levels of Wch number, pressure ratio, = inlet angle that canbe
wed in the c~utation of the veloci@ dia~ams.

Figure 1 shows the variation of tip irilet ~ch n~er relative to
the rotor with specific weight flow for various hti inlet agl.es at
Wrt = 0.35 \for no-guide-vae conditions (axial inlet flow). ~
ctiination of lm hub filet angles as shown in fi~e 1 and the thick-
ness of the hub sections required for structural reasons presents a
blade-passage choking problem, at least on a two-dimensional basis.
~oking in the blade passage may be re~eved by using higher inlet
angks (~gher rotational speed) but, as can be seen in figure 1, higher

. hub inbt angles are associated with higher tip inlet Wch nuuibers.
Hence, a c~romise between high itit Mch number conditions at the
tip and choke conditions and the restiting high b~ surface Mach
nmbers at Me hub section must be reached. A relative tip ~ch nuuiber
of 1.1 was selected for MS design. ~s value should not be construed
to be a ltiting value for efficient performance. It appeared to be a
value which should ensure god performance on the basis of references 1,
2, 3, =d6. At the design specific weight flow of 37.5 lb/sec/sq ft
of frontal area, the resflting hub i-t angle was 26.7o at a relative
inlet ~ch ntier of 0.70. S- unpub~shed high-speed cascade tests
at simi~ conditions have indicated that, on a two-dimensional basis,
inlet relative Wch numbers as high as 0.80 should be possible. Hence,
even on a two-dimensional basis the hub should be capable of an increase
over the design specific weight flow of some 7 to 8 percent. me sections
outbo=d of tie hub section present a more open blade pass~e and, con-
sequently, the cho~ng problem is much less severe and, in fact, gener~
does not exist. ~erefore, when the hub section is two dimensionally
choked the stre-nes can be displaced around the hub region. Since
the amount of this three-dimensional movement is quite small, it is
likely that somewhat higher flows than occur when the hub section is
choked two dimensiona~  canbe obtained without seriously affecting
the rotor discharge angles and flow distribution.

.
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Veloci@ Diagrams

The des~gn total-pressure ratio varied

WCA RM L55A05

from 1.25 at the hub to 1.35

,-

.
at the tip. Wderate rather than high pressure ratios were designed f~;
since the main emphasis in the design of this rotor was high specific
weight flow. The radial variation in design pressure ratio was selected
so as to keep the Mach number and flow angle leaving the rotor hub in
stator coordinates to lower values than would be possible for a constant
pressure ratio of 1.293, which is the mass-weighted design pressure ratio.
Again, it must be emphasized that these pressure ratios are not absolute
design limits but were selected because they appeared to be in the high
efficiency range. me use of higher design pressure ratios would reduce
the loading margin available for overspeed tests as we~ as raise the
stator inlet &ch ntiers,

The velocity diagrams

simple radial equilibrium

radii bounding four stream
some iterative calculation
and downstre~ annuli into
first approximation in tie

wMch is less significant.

were computed by satisfying the conditions of
ldp_V&-—
~tir”

The cqutations were made at

tubes of equal weight flows. ~is required
but it was found that dividing both upstream
equal-area sections was fairly close as a
iterative procedme. me inner-casi~  radius

was increased to ~/rt = 0.45 at th~ rotor discharge. No boun&y-layer -
allowance was added and a rotor polytropic  efficiency of 0.90 was assumed
for the calculation. Figure 2 presents the design veloci~-diagrm  data. .

BWe Selection

The transonic compressor results to date have indicated that effi-
cient b- section performance at high relative inlet.Mach ntiers may
be obtained by keeping the level of blade surface Mch nmbers as low as
possible. This was done in reference 1 by using blades made w of the
NACA 65-series thickness distribution ~d the NACA ~1~ mean Bne which
moved the loading toward the rearward portion of the blade where the
average velocities are less. It was &ho done in references 2 and 3 by
reducing the thickness in the forward portion of the blade while at the
s- time reducing the bhde maximum thickness. Both of these methods of
holding blade surface Wch ntiers down appeared to be desirable. It was
felt that more ne~ly optimum transmit blade sections could be designed
by combtiing the desirable featmes of each.

Thickness distribution.- It is believed that transonic  sections
should be thin in the forward portion with very Httle surface curvature.
As a restit, surface ~ch numbere would be reduced and, for inlet ~ch
numbers high enough for a supersonic region to exist on the suctton
surface, the stren@ of the shock emanating from the suction surface .
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would be reduced and the like~hood of flow separation would thus be
reduced. Hence, the 65-percent-chord point was se~cted as the Point
of maximum thicbess as compared with the 40-percent-chord point for
the NACA 65-series thickness distribution c-only used in subsonic
compressor blading. fi developing a 10-percent-thick section, the
Y-or-te at 5-percent chord was arbitrarily fixed at 1.53 percent.
The first 5 percent of the blade is the 7.1-percent-thick ~CA 65-series
thicbess distribution which matches the fixed 5-percent-chord ordinate

. . value of 1.53. -m 5 percent to 65 percent of the chord, a faired
curve was tiawn to provide a smooth transition from the derived 5 per-
cent of nose region to the 65-percent point while at the same time
attempting to keep surface curvature low. me rearward portion of the
thicbess distribution was obtained by fairing between the 6S-percent
point and a l-percent-chord trai~ng-edge  r-us, again trying to
maintain low suface curvature. me coordinates for this thickness
distribution, herein referred to as the T1 thickness distribution, are
presented for 10-percent ~um thickness in table I and a comparison
tith the ~-series thickness distribution is presented in fi~e 3(a).
The vertical scale has been expanded to eruphasize  the difference between
the two thickness distributions. Since Wn sections will have lower
surface Wch nmbers, tie rotor-blade-section maxim- thickness was
reduced as much as structural considerations would a~ow. As a result,

. blade maximum thickness varied from 8 percent to 4 percent of the chord
frm hub to tip. me variation of leading-edge and trailing-edge radii
with maximm thichess is indicated in figure 3(b).

Wan-1ine shape.- Since the tip section has the Mghest ifit Wch
ntiers, the tip mean Mne selected was that having the greatest rearwar
shift in l~ng, that is, the WCA A21~ mean line. (mm-line designa~
tions are explained in ref. 7.) Because of the ctiination of low Wet
angle and high solidity at the hub section and the need for sufficient
huh thi-ess from structural considerations, the hub problem is one of
avoiding a choked passage, at least on a two-dimen~ional  basis. For 10W-

inlet-angle high-so~dity  conditions the NACA Alo mean Hne presents a
considerably more open passage tim the ~CA A2~ mean Mne when
65-series thitiess distributions are used. (For example, see ref. 4.)
When the T1 thictiess distribution is used with these mean Mes, the
bW tith the ~CA A1o mean Ene sti~ presents a considerably more
open passage th= the ~CA&I&. Ewever, the A614b and the Alo blades
had identical minimum passage areas at design angle of attack. Hence,
the question of which of the two blades would be W better for a tran-
sonic rotor-hub condition cannot be answered on a minimm-passage-area
basis alone. Some unpub~shed high-speed cascade test results for the
Tl(18A614b)08  b~e at conditions stilar to the hub conditions in this
rotor indicated a fairly severe second velocim peak in the rearward.
portion of the blade where the thickened boundary layer will reduce the
amount of diffusion that may be tolerated without flow separation.

.
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Therefore, to reduce this
mean Hne, which has less
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peak it was decided to utilize the NACA Al.
.

curvature in the rearward portion, for the
rotor hub-section. me blade sections for the intermediate-three radial .
stations had a gradual change in mean-line loading from the AIO to the
Ap~ . The middle station of the blade had an ~14b mean line and each
of the other two had mem-line shapes tidway between those of the two
adjacent radial stations. ~is selection of mean-line shape at each
radial station should not be construed to mean that these are the optim~.
b~des for that particular station. For example, it is not obvious that
the ~~b mean Nne selected for the middle radial station is any more
effective than the ~I& mean Hne. It was reasoned that the ~l&b could
be used since the operating inlet ~ch nuuiber level of that station was
considerably below that of the tip, where the ~1~ blade was used. A
Hnear progression of mean-line types from hub to tip was used to promote
the likelihod of smoo~ faired blades.

Blade c-er, solidity, and setting-angle selection.- ~1 velocity
diagrams were converted to equivalent constant axial-velocity conditions
by maintaining all tangential components and averaging upstre= and down-
stream axial velocities at each stre-ne. The resulting diagrams were
used both for selection of bkde camber and blade-setting angle. The
sebction of blade soli~ties  requires a compromise between aer~c

.

requirements at the hub and tip and blade stress limitations. * design
so~tity is decreased, camber wst be increased for the same turning .
angle. At transonic  inlet relative Wch numbers of the order of 1.1,
definite limits regarding the b~e surface curvature and blade surface
Wch numbers have not been established. Hence, all that can be stated
is that it is desirable to keep b~e surface curvature low and, hence)
solidi~ as high as possible in the tip region.

For low hub-tip ratios (rh/rt of the order of 0.35) the selection
of high tip solidity and constant-chord blades will result in high hub
so~dities. For example, a value of at = O.n at rh/rt = 0.55 will
result in ~ = 2.14. Since the minimum passage area between blades is
decreased with increasing solidi~, high hub solidi~ can result in a
two-dimensiona~  choked passage. However, if hub solidity is decreased,
then camber will increase and, although no choked passage occurs, smface
~ch numbers become excessive because of large blade surface curvature.
Wfinite Wts have not been established regarding either how nearly
choked, on a two-d-nsional  basis, the hub section C- be or how high
the hub c-er can be before surface ~ch numbers bec~ excessive and
poor perfo~ce results. Aside from aerodynamic requirements on blade-
chord variations, any severe increase in chord tith radius would result
in high blade stresses. Therefore, the selection of bhde solidifies
resolves itself into a compromise of stress and aer~tic considera-
tions with the l~ts on both not well defined.

.

.
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.
The increase in chtid from hub to tip was arbitrarily chosen to be

approximately 20 percent to provide a reasonably strong blade. Once the
. variation in chord from hub to tip is fixed, the selection of solitity

at any radial station defines the soHtity ~ along the blade. me hub
solidi~ was chosen as 1.5 and as a result the tip so~dity was 0.75.
Ws selection was an attempt to arrive at an effective c~romise
between the aer~smic requirements of the hti and tip and provided a
margin of 7 to 8 percent between rein- passage =ea and choke flow

, area at the hub. The restiting tip mer was 0.70.

me blade camber and blade-setting angles were determined from the
low-speed cascade data presented in references k and 5. h reference k
it was shown that at the design angle of attick all the Clo = 1.2 mean
lines investigated prduce approximately the same turning angle and that
the design angle of attack varies almost linearly with variation in
mean-line loading distribution. Hence, the more efinsive cas- data
of reference 5 could be wed to obtain the appropriate -ers for
conditions at which the other mean lines were not tested. Suitable
adjustment of angh of attack was necess~ to account for the change

, in design angle of attack with variation in loading distribution. Hnear
interpolations were used to obtain au intermediate mean-line conditions.

.
me results obtained in reference 1 indicated that in the transonic

speed range the angk of attack associated with peak efficiency was some
. 4° above the low-speed design angle of attack. In order to prduce a

given turning angle when operating above low-speed design angle of attack,
it is necessary to use a lower camber than wouldbe prescribedby  the
low-speed design charts. ~erefore, both design and off-design low-speed
cascade data were used to determine the c~ers and angles of attack which
result for bW sections operating fr- 2.4° at the hub to 3.2° at
the tip above their design angles of atbck as indicated from low-speed
cascade tests.

Wtaiti of the design blading used are presented in figure 4. It
should be noted that blade sections and angles were au determined in
the planes indicated by the capital ktters. In computing the solidi~
the mem rtiii between corresponding inlet and outlet radii were used.
A photograph of the rotor is shown as figure 5.

COMPRESSOR ~S~ION~ TEST PRmURE

Test Rig

me compressor installation used in these tests is a closed-circuit
rig equipped to use either ~eon or air as a testing medium. A schematic
diagram of the hyout is shown in figure 6(a). ~is tis~tion is
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essentially the same as the one described in reference 8 except that
the 1,000-hp compressor drive motor has been replaced by a 3,000-hp
induction motor w~ch, with a gear ratio of 2.015 to 1, makes possible
a top rotor speed of 13,300 rpm. Since it is difficult to increase the
flow area at the inlet to”the radial diffuser, low-hub-tip-ratio high-
flow rotors could only be tested by reducing the rotor tip di~ter to
eliminate the problem of a cho-d diffuser inlet. Eence, the tip tim-
eter of the test section was reduced from 16 inches to W inches. mis
reduction in rotor size and actual volume flow wou~ also reduce the
pressure loss in the system, which is @ortant because there is no
auxiliary boost. To reduce further the pressure loss of the system,
one of the 60 mesh screens upstream of the venturi meter was removed.
A schematic of the test section is indicated in figure 6(b).

Test ~ocedure

me rotor tests were made over a range of corrected tip speeds from
81 to 121 percent of the design speed. At each speed the weight flow
was varied frm the maximum possible to the surge point by continuously
increasing the back pressure. me settling-chamber pressure was held
constant at approximately 20 inches of mercury absolute.

.
me tests were conducted by using freon-~ as a testing medium. At

the design inlet tial wch nmber of 0.628 the neon equivalent corrected
tip speed corresponding to the design air value of 972 ft/sec was .
437 ft/sec. This equivalent condition is the rotor speed in neon at
which both inlet axial ~ch number and mean radius inlet angle are the
s- as the design air values. (See ref. 9.) me Freon equivalent
pressue ratio corresponding to the air design value of 1.293 is 1.263.

~strumentation  and Wta Reduction

Flow conditions upstream of the rotor were obtained by measuring
stagnation pressure and” temperature in the sett~ng chamber and using
four inner- ti outir-wal.l  static taps circumferentially located at 90°
intervals approximately 1.5 inches upstream of the rotor. The following
measurements were made approximately 1.5 inches do-stream of. the rotor:

(1) Total temperatures were obtained by using two rakes of four
shie~ed Chromel-alumel thermocouples spaced radially to cover the entire
passage and located circumferentia~ approximately 1800 apart. Fig-
ure 7(a) shows one of these rakes. ~ese rakes were connected to a four-
bell rake upstream to read the temperature
at variou9 rtial stations.

differential across the rotor



NACA RM L55A05 11

(2) Radial surveys at 13 points of to-l and static pressure and
flow agle were made by using a prism probe of the ~ described in
reference 10 and shown in figure 7(b).

(3) Wall static pressures were obtained from four tier- and outer-
wa~ static taps located at 90° intirvak.

me survey data in conjunction with the wall-tap and the upstream
instrumentation readings
based on the power input

where

.

This equation pres-s
unpublished results of

were used to compute mass-weighted efficiency
obtained from m-nti considerations:

[() ]&
P2 7

‘isen ‘ q
-lT~

that there is no inlet swirl; however~ some
a preliminary detailed survey upstream of the

rotor indicati  that there is a small amount of swirl (–d the order of
3°) in the direction of rotation in the extrm tip region. *cause
of the direction of the swirl, tie efficiencies herein reported are
s~ghtly lower than would occur H the swirl were Men into account.
0~ momentum efficiencies are presented since the sma~ _erature
rises associated with testing in neon at these pressure ratios make
it difficult to obtain accurate tqrature-masured  efficiencies.

Mass-weighted overall pressme ratio was obtained using the
fo~owing equation:

Weight flow was obtained by utilizing the.
Qstream measurements. No blockage factor was

previously ~ntioned
included in the area

.
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tem of the continuity eqution since the inlet contraction ratio and .

Reynolds number were in the range in which, tithin the weight-flow-measuri~
accuracy, the flow coefficient msy be considered to be unity. A prelim-
inary examination of the inlet total-pressure distribution obtained from

.

single line traverses made upstream of the rotor further corroborated
this assumption. mere was s- radial variation in static pressure at
the inlet and an average of the inner- and outer-wa~  tap readings was
used. Weight flow was also c~uted by using the downstream survey data.
Figure 8(a) i.ndicatis  tie ru&gnitude of the difference between the upstream
and downstream measured weight flows. Genera~, the agreement between

WI and W2 was within ~~ percent. A calibrated venturi indicated in

fi~e 6 was also used to c~ute weight flow. The variation between the
venturi weight flow and the upstream weight flow is shown in figure 8(b).
The venturi weight flow was generally some 2 percent greater than W~.
The weight flow used to present the overall performance is the weight
flow obtained fra upstream flow measurements WI.

DISC~SION OF 0~ PERFORMANCE RESULTS

!Che mass-weighted overaSL performance of the trasonic c~ressor
rotor is presented in figure 9 where adiabatic momentum efficiency ~

and total-pressure ratio P~Pl are plotted against corrected neon

‘f@ for each of the rotor speeds tested.weight flow The air eqtiv-
T

.

.

alent corrected specific weight flows ’which correspond to the inkt
axial Mach numbers obtained in ~eon are also indicated. At design
speed a peak efficiency of 0.92 was obtiined at 35.5 lb/sec/sq ft
frontal area and a pressure ratio of 1.28. At design SWF (37.5 lb/sec/sqft
frontal area) the efficiency was about 0.87 and the pressure ratio was
1.23 compared with 1.263, which is approximate= the freon pressure ratio
corresponding to m air desi~ valw of 1.293. ~s lower than design
pressure ratio results because (1) lower than design efficiency was
obtained and (2) a prelimin~ examination of the survey dab indicates
lower than design turning angles over an extensive portion of the hub
region and to a lesser extent at the tip region.

At and below the design speed the complete high efficiency ranges
could not be obtained because the high-flow region is limited by the
losses in the test loop as compared tith the compressor pressure ratio
since the test c~ressor supplied all the pumping action. The 2-percent
drop in peak efficiency which occurred between design speed and 81 percent
of design speed might be caused by a Reynolds number effect.

.
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Peak efficiency gradua~ decreased from 0.92 at design speed to
at Ml percent desi~ where SWF was about 38.0 lb/sec/sq  ft frontal
and the pressure ratio was 1.425. me maximum SWF obtained at

121 percent of desi~ speed was 40.0 lb/sec/sq  ft frontal =ea which
corresponds to an inlet axial ~ch n-r of slightly over 0.7 and about
9Z percent of the theoretical~ flow capaci~ at a hub-tip ratfo
of 0.35.

me following overa~ performance restits were obtained fr- an
experimental investigation of a high-performance trans onic axial-f low
c~ressor rotor:

1. At desiq speed a peak efficiency of O. g2 was obtained at
~5;~ lb/sec/sq m frontal =ea and a mass-wei@ted pressure ratio of
. . At design specific weight flow (37.5 lb/sec/sq ft frontal area)

the efficiency was about 0.87 and the pressme ratio was 1.23.

2. Peak ef f ic’iency gradually decreased fra O. g2 at design speed
. to O.~ at W percent desi~ where the specific weight flow was

38.0 lb/sec/sq ft frontal area and the mass-wei~ted  pressure ratio
was 1.425.

.
3. The maximum flow obtained at 121 percent of design speed was

ko. O lb/sec/sq f t f rental area w~ch corresponds to an @t axial ~ch
ntier of s Hghtly over 0.70 and about 92 percent of the theoretical
msxtium flow capacity at a hub-tip ratio of 0.35.

Iangl.ey Aeronautical -boratory,
National Adtisory Committee for Aeronautics,

Iangley Field, Vs., Dec*er 29, 1954.

,
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DESC~ION OF ROTOR FABRICMION

APPENDIX

The materials and type of construction used in the fabrication of
this rotor were unusual enough to,warrant description. The rotor is of
integral construction, that is, the blades and hub were built as a tit.
The materials used were fiber gkss, polyester resin, and balsa.

Construction of the blades was begun by btilding a master blade from
which a mold was cast in two halves. Two tyys of fiber glass, roving
and woven, were used in the blades, along with the polyester resin. The
roving fiber gla8s was laid spanwise in the bkde to provide tensik
strength whereas the woven fiber glass was placed near the surface of
the blade to supp~ torsional stiffness. It was fomd that 100 strands
of roving fiber g~ss (approximately 1/16 inch in di-ter) WOUH provide
the desired ratio of fiber glass to resin which is 7 to 3. Eight grO~S

of 100 strands of roving fiber glass approximately 8 inches long were
then assembled. On one end of each of these groups a blade was cast in
the following ~nner. A sheet of O.O@-tich woven fiber glass was placed
in each,half  of the mom tiich had been previously treated with a parting .
agent. Next, a sheet of 0.009-inch unidirectional woven fiber glass was
placed on each half-mold such that the greater ntier of strands ran in
the chordwise  direction. me more finely woven O.O@ cloth was placed .

nearer the surface of the b~e than the 0.009 cloth because this arrange-
ment gives a smoother cast surface. Then one end of each of the grows
of roving fiber glass was saturated in a vat of resin after which the
saturated group was placed in the mold under some tension and the mold
closed. After the excess resin had drained from the b~e area of we
mold by means of channels provided at the leading and trailing edges,
the blade was allowed to cure in the mold at room temperate for several \
hours .

A balsa hub was turned slightly undersize to allow for a swface
layer of woven fiber glass. A large center hole was dri~ through the
hub and slots through the outer surface into ‘the center hole were pro-
vided for each of the eight blades. This hub was then wapped with
woven fiber glass saturated with resin and turned to the finished dimen-
sions . The eight b-ales were fitted into the hub tith the roving frm
diametrically opposite blades combed together. The roving from each
diametrically opposite pair was intermeshed  in the center with that of
all other ~irs. The center of the hub was then filled with resin and
a fiber-glass filler. After the completed rotor had been allowed to
cure for a considerable length of time, the rotor blades were tipped to
the proper di-ter.
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k weight of each of the b-es tith the pro~g roving fiber
glass was 0.16 powd. The weight of the hfi before any of the blades
were inserted was 0.66 pound. The total weight of the finished rotor
WaS 2.81 PO-.

.
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TAB~ I

COORDINATES FOR T1 TEI-SS DIS=UTION

HAm lo-PERcm MA~ TEICKNESS

fStations =d ordinates in percent chord1
L

x

o
.500
.750

1.250
2.500
5.000
7.500

10.000
15.000
20.000
25.000
30.000
35.000
40.000
45.000
50.000

2:”%
65:000
70.000
75.000
80. OUO
83.000
90.000
95.000

100.000

NACA RM L55A05

.

.

Upper surface

o
.555
.671
.839

1.n7
1.530
1.830
2.000
2.500
2.880
3.230
3.530
3.810
4.050
4.28o
4.510
4.730
4.940
5.000
4.870
4.570
4.120
3.470
2.710
l.bo
o

Lower surface

o
-.555
-.671
-.839

-1.117
-1.530
-1.830
-2.080
-2.500
-2.880
-3.230
-3.530
-3.810
4.050
-4.280
-4.510
-4. no
-4. g40
-5.000
-4.870
-4.570
-4. Mo
-3.470
-2.710
-1.830

0

Leading-edge radius = 0.343
Trailing-edge radius = 1. 0~
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Air specific weight flow, SWFA, lb/sec/ft2

Figure l.- Effect of air specific weight flow on rotor iriLet tip Mach nu-
ber for various rotor-hub inlet &ngMs with an inlet hub-tip ratio of
0.35 andno @de vanes.



20

T/P

0.350
.385
.~o
.883

l.om

o :;;:

.787

.902
1.00Q

M,~

u

4  @2

vdg

ROOT
Velocity-Diagru  Data

1.250 0.70 26.7 34.7 0.41
1.275 .82 ko.1 20.3 .47
1.300 .93 47.2 lb.2 .44
1.325 1.02 51.8 11.9 .41
1.350 1.10 55.2 11.1 .39

&
~~

0.35
.49
.47
.45
.43

0.92
.92
.94
● 96
● 99

Figure 2.- Velocity-diagram design data.

4

P.2,
deg

40.3
33.1
29.3
27.0
23.6

.

, .

.

. .
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.1o-

0

.
-.10 .’

Y . . Ti -10-percent thickness distribution
T .10

0

65- series - 10-percent thickness distribution-So I i 1 I I I 1 I
o .20 .4 x .60 .80 1.00

Y

(a) Comparison

Fi~e

G

of T1 and 65-series thickness distributions.

3 .- Thickess-distribution  details.
1.

.
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1.4 ~

1.2

1.0

. 8

.6

.

.4

.2

?04 .06 .08 ~ .10 .12 .14

(b) Variation

*

of leading- and trailing-edge radii with blade sectior
thickness for T1 thickness distribution.

Figure ~.- Concluded.

.
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.

Blade-Section Selection Data

r l r 2
Stre*ine Pm> go, CL

~ ~ a t a, h, E,
deg deg o E deg deg deg

AA 0.350 0.450 27.7 35.4 1.55 1.500 8.0 21.0 2.4 6.7
BB .585 .646 41.3 22.3 1.14 1.063 6.0 14.6 2.6 26.7
cc . no .787 48.1 16.0 .89 .900 5.0 11.5 2.8 36.6
~D .883 .902 52.3 12.9

● 77 .809 4.3
EE

9.9 3.0 42.4
1.000 1.000 55.3 11.3 .70 .~o 4.0 8.9 3.2 46.4

Figure 4.- Blade-section selection data. (Al-1 angles are based on e@w-
lent velocity diagr~. )

.

.
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Settling chamber 1

L Three 100- mesh weens

( a )  Mg layoti.

Figure 6.- Sc_tic -am of c~mssor test ina13**iorI.
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( b )  !Cefi-section  d e t a i l .

F i g u r e  6.- Cmcluded.
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(a) Four bell thermocouple rake.
L-87500

(b) Prism-type survey probe.

Figure 7.- Instmentation.
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Grrected  Frem we[ght,  WF ~, Ibfic

( b )  Cqarison of Upstrea a n d  vdwi wei@t flm. L

F i g u r e  8.- Compar3.son  o f  masured wight  fl~.
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2 5 27 29 31 2 9 31 3 3 x 33 35 3 7 3 9

C o r r e c t e d  oir e q u i v a l e n t  Bpeclflc  w e i g h t  f l o w ,  SWFA~  , lb/sec/ft2

8

.1

(a) & = 0.81. ( b )  ~ = O.~. ( c )  ~ =  1 . 0 0 .
NdE Nfifi

Fl~e 9.- Rdor prfo~e. &
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1.0

Tm
.0

.6

1.5

1

~ ~.~ k,

1.1.
50 54 56 52 56 60

~, lb/seeCorrected Freon weight flow, WF—

I I 8~
35 37 39 37 39 41

Corrected air equivalent specific weight flow, SW~@, lb/sec/ft2
8

(d) ~= 1.11.
Nd~

(e) & =  1 . 2 1 .

.

.

Fi~e 9.- Concluded. .
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